colonizes and rapidly dies. The upper end of sapling mortality and growth distributions in America is set by gap specialists: C. obtusifolia at BCI (12% year j1 mortality, 14% year j1 growth), C. sciadophylla at Yasuni (5.0% year j1 mortality, 6.3% year j1 growth), and C. monostachya at La Planada (8.8% year j1 mortality, 8.2% year j1 growth). Diverse Southeast Asian forests lacked species with such high rates (27).
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The most diverse tropical forests are the least diverse demographically. It remains plausible that demographic niches are packed more tightly in some forests than others, but this seems unlikely, because packing should depend only on population size and turnover, which do not vary much. Moreover, the successionalniche hypothesis is not favored by the strong peak in demographic rates near 1 to 2% year j1 ; if demographic niches were crucial, then rates ought to be spread evenly over the entire range (28). Instead, the similarity in demography of many species suggests trait convergence (29). We believe that broad diversity differences are due to the source pool of different biogeographic regions, and that demographic differences play a minor role in species coexistence. 24 T he identification of the specific molecular changes underlying adaptive variation in quantitative traits in wild populations is of prime interest (1, 2). Pigmentation phenotypes are particularly amenable to genetic dissection because of their high heritability and our knowledge of the underlying developmental pathway (3) . In a series of classic natural history studies (4, 5), Sumner documented pigment variation in Peromyscus polionotus, including eight extremely light-colored Bbeach mouse[ subspecies, which inhabit the primary dunes and barrier islands of Florida_s Gulf and Atlantic coasts (6) . This light color pattern is driven by selection for camouflage (7, 8) as major predators of P. polionotus include visual hunters (9) . Because the barrier islands on the Gulf Coast are G6000 years old (10) , this adaptive color variation may have evolved rapidly.
We examined the contribution of the melanocortin-1 receptor gene (Mc1r) to this adaptive color patterning. MC1R, a G proteincoupled receptor, plays a key role in melanogenesis by switching between the production of dark eumelanin and light pheomelanin (11) . Mutations in Mc1r have been statistically associated with Mendelian color polymorphisms in several mammalian species (e.g., [12] [13] [14] and in natural variants of avian plumage (15, 16) .
We sequenced the entire coding region of Mc1r E954 base pairs (bp)^in five Santa Rosa Island beach mice (P. p. leucocephalus) and five mainland mice (P. p. subgriseus) from colonies derived from wild populations (17) . A single, fixed nucleotide polymorphism (SNP) occurs between the two subspecies, resulting in a charge-changing amino acid variant (R 65 C) in the first intracellular loop of MC1R ( fig. S1 ). To determine the ancestry of this mutation, we genotyped this SNP in 14 other Peromyscus species (N 0 45 individuals) (table S1). These additional species are all fixed for R 65 as in the mainland Bdark allele,[ suggesting that the Blight allele[ is derived and not present in any other fully pigmented Peromyscus species.
To examine independently the relationship between this mutation (R 65 C) and the derived light-colored phenotype, we generated a large reciprocal F 2 intercross between the Santa Rosa Island beach mouse and the mainland subspecies ( Fig. 1 ). We characterized color phenotype for seven pigmentation traits, which provide an overall description of the continuous variation in color pattern, and genotyped the Mc1r allele in 459 F 2 individuals E126 with two dark Mc1r alleles (RR), 215 with one dark and one light allele (RC), and 118 with two light alleles (CC)^. Based on the observed phenotypic variation among F 2 s, beach mouse color pattern has a multigenic architecture (Table 1) . Pairwise correlation (R 2 ) between traits ranged from 0.147 to 0.500 (P G 0.05 for all comparisons), revealing a shared genetic basis among traits but also indicating the role of loci expressed in distinct spatial regions.
Two lines of evidence suggest that both dominant and recessive alleles contribute to the adaptive light color phenotype. First, all F 1 hybrids are intermediate in overall color pattern, with some traits resembling the mainland parent and other traits the beach mouse parent (Table 1) . Second, dominance varies at the Mc1r locus itself. Phenotypic scores for pigmentation traits among F 2 s are sometimes above the mean score of 1, suggesting that the light Mc1r allele is partially recessive, and sometimes below the mean score, suggesting that the light Mc1r allele is partially dominant (Table 1) .
We found a significant statistical association between the R 65 C polymorphism and all seven traits, although the percentage of phenotypic variance explained by Mc1r varied (9.8% to 36.4%) ( Table 1 ). For some pigmentation traits, the association between phenotype and Mc1r genotype was notable: All RR F 2 s (N 0 126) expressed the darkest phenotype on the rostrum and, conversely, only CC individuals expressed the lightest rostrum phenotype (N 0 49). We calculated principal component scores for the combined color traits and evaluated whether there were significant differences between the Mc1r alleles for PC1 scores (PC1 explained 71% of the variance in color traits); these analyses suggest that Mc1r accounts for 26% of PC1 (P G 0.0001). Together, these data indicate that Mc1r is a major effect locus on color pattern, having pleiotropic effects on pigmentation in spatially diverse areas of the body. Functional tests of the light and dark Mc1r alleles demonstrate that the R 65 C amino acid mutation contributes to variation in adaptive pigmentation. We performed in vitro assays on HEK293T cells expressing light or dark Peromyscus coding region alleles at similar levels. Stimulation with an MC1R agonist (NDP-aMSH) and subsequent measurement of generated cyclic adenosine monophosphate (cAMP) by radioimmunoassay revealed that compared with dark receptor-expressing cells, cells that expressed the light MC1R had a statistically significant reduction in basal and stimulated cAMP formation ( Fig. 2A) (P G 0.05, Student_s t test, n 0 4; maximum responses: dark allele 0 120 T 15 pmol/mg protein, light allele 0 28 T 5 pmol/mg protein). MC1R-mediated cAMP formation is associated with eumelanin production (18); thus, reduced cAMP production may underlie the lack of dark pigmentation observed in mice expressing the light MC1R.
The light MC1R displays lower affinity binding to aMSH, and the decreased response to guanine nucleotide by the light receptor implies an altered ability to interact with G proteins (Fig. 2B) . Specifically, whereas the dark receptor displays a substantial GppNHppromoted shift in IC 50 (from 1.37 T 0.01 nM in the absence to 13.5 T 0.1 nM in the presence of GppNHp), the light allele has a decreased affinity for nucleotide and a nonsignificant IC 50 shift (without GppNHp, 222 T 30 nM; with, 178 T 14 nM). These results demonstrate that a single amino acid mutation in MC1R is responsible for reduced ligand binding and G protein coupling, consistent with the reduced ability of the light MC1Rs to promote cAMP formation in vivo. We next examined the frequency of Mc1r alleles in natural populations by genotyping the informative SNP in eight beach mouse subspecies and one mainland subspecies ( Fig.  3 and table S2 ). In the Gulf Coast the light allele was at highest frequency (0.95) in the palest beach mouse subspecies, absent in the darkest subspecies, and at intermediate frequencies in the other subspecies (0.05 to 0.85) (Fig. 3) . The distribution of Mc1r allele frequencies among Gulf Coast beach mice is not correlated with geographic distance. The light Mc1r allele was not detected in the mainland subspecies (0 of 40 alleles). In natural populations, different combinations of functionally distinct Mc1r alleles may contribute to variation in color patterning between mainland and Gulf Coast beach mouse subspecies, among the Gulf Coast subspecies, and within subspecies.
The derived Mc1r allele was absent from the similarly light-colored Atlantic coast beach mouse populations. We surveyed Mc1r allelic variation in two extant subspecies of beach mice and the extinct pallid beach mouse subspecies (È300 miles east of the nearest Gulf Coast beach mouse population) (Fig. 3) . The absence of the derived Mc1r SNP from all three Atlantic coast subspecies suggests that the same mutation does not contribute to convergent phenotypic adaptation and that light coloration has evolved independently on the Atlantic coast.
This work has specific implications for understanding the evolutionary mechanisms responsible for adaptive phenotypic change. First, the identification and functional characterization of a single amino acid mutation_s effect on quantitative variation provides a convincing exception to a growing number of examples demonstrating that variation in morphology is governed by changes in gene regulatory regions (19, 20) . Second, the observation that different combinations of alleles can produce similar pigmentation patterns suggests that distinct molecular mechanisms can underlie adaptive convergence even in similar selective environments (but see 21). Finally, Mc1r represents a large effect locus, containing a quantitative trait nucleotide (QTN) contributing to variation in fitness, consistent with the view that adaptation may often proceed by large steps.
